The high harmonic generation from He in the combination of the chirped laser pulse and static field is theoretically investigated. If appropriate parameters are chosen, an ultrabroad super-continuum spectrum can be generated, from which an isolated 9 attosecond pulse can be obtained.
INTRODUCTION
It is well known that high harmonics are generated when atoms or molecules are irradiated by intense laser field. In recent years, high harmonic generation (HHG) has become a very interesting topic of laser-atom interaction [1] [2] [3] because of a very important application of attosecond (as) pulses generation. Usually, there are two techniques to generate attosecond pulses [4] . One is to use few-cycle laser pulse, then the cutoff is continuous and by spectrally selecting it a single attosecond pulse can be obtained [5] . The other is to use multi-cycle intense infrared pulse, then select many harmonics in the plateau and an attosecond pulse train can be generated [6] . Many control ways have been studied in order to gain an isolated attosecond pulse [7] [8] [9] . In the presence of an intense static electric field, one can get a pulse of 220 attosecond [10] . Using a chirped few-cycle laser field, a pulse of 108 attosecond can be generated [11] . From the works mentioned above, one may want to know what would happen if the combination of chirped laser field and a static electric field is adopted in the HHG process. Based on this idea, we now investigate the HHG spectrum of atoms in this combined field.
RESULT AND ANALYSIS
We use one-dimensional time-dependent Schrödinger equation (TDSE) to describe the interaction between an atom and the combination of chirped laser field and the static electric field in the single active electron and dipole approximations (The atom units are used in all equations in this paper, unless otherwise mentioned.):
( 1 ) where F, f(t), ωand δ(t) is the amplitude, envelope, angular frequency and time profile of the carrier envelope phase (CEP) of the laser field, and is the ratio between the amplitude of the static and laser field. If α=0 and δ(t)=0, E(t) is of symmetry. However the symmetry will be destroyed if α≠0 or δ(t)≠0. In all of our calculations, F is 0.12a.u.,ωis 0.057 a.u. and α  is equal to 0.4 which is approximate to that in Ref. [10] .The envelope of the laser field f (t) has a type of Gaussian with 5 femtosecond full width at half maximum. The CEP considered in this paper is δ(t)=-βtanh((t-t0)/τ) [11] . The parameters β t 0 and    are used to control the chirp form. In our work,   is chosen to be 200 a.u..
In order to find how the combined field impacts on the HHG, we consider the HHG of helium atom in four field cases: (a) chirp-free laser field; (b) combination of chirp-free laser field and static electric field; (c) chirped laser field; (d) combination of chirped laser field and static electric field. The parameters and t0 for the chirped laser field in (c) and (d) are 6.25 and τ/7.0. These fields are shown in Fig.1 .
The HHG spectrums of the four cases are shown in Fig.2 . The cutoff of the spectrums for (b), (c) and (d) is about 171st, 241st and 551st-order harmonic respectively, and each of them is much higher than the well-known value of Ip+3.17Up (about 77th order harmonic, just as shown in Fig.2(a) ), where Up(=F 2 /(4ω 2 ))is the ponderomotive energy. To our surprise, the cutoff of HHG in (d) is much higher than that in (b) or (c). Furthermore, an ultra-broad super-continuum spectrum appears in the case of combination of chirped laser field and static electric field.
Generally, the physical origin of the HHG from linearly polarized laser field can be qualitatively understood in three-step-method (STM) [12] : first, the electron tunnels through the barrier formed by the Coulomb potential and the laser field; next, it oscillates almost freely in the laser field; finally, it may return back and recombine with the parent ion. During the recombination, a photon is emitted.
The returning kinetic energies of the electron in different laser fields are shown in Fig. 2 . For comparison, the ionization potential is added. It is apparent that the trajectories of the electron in these field cases are quite different. If we mark the maximum peak (cutoff-energy) and the peak just below it with M and N respectively, we can see clearly that it is the difference between the peak M and N that contributes to the continuum spectrum, as is mentioned in Ref. [8] . Just as reviewed in the introduction, the continuous spectrum is beneficial to generate single attosecond pulse. This will be discussed later. It is instructive to find out how the chirp parameters impact on the HHG cutoff. The variation of the MRKE of electron with the chirp parameters β and t 0 is obtained by TSM. The optimal MRKE of electron is up to 42Up at β=9.0 and t 0 =τ/8.0. The HHG spectrum for these parameters is presented in Fig.3 . One can find that the continuum spectrum is broadened to 700 order harmonics. Now, we consider the attosecond pulse generation from HHG of Fig.3 (b) . If the phase mismatch over such an ultra-broad continuum spectral can be properly compensated for, an isolated 9 attosecond pulse with a clean temporal profile could be theoretically obtained, as shown in Fig.4 . Figure 4 The temporal profiles of the attosecond pulses generated from the continuum spectrum with phase compensation. The harmonics order used is: 220th-700th.
In conclusion, we demonstrated that proper asymmetry of the field lead to the significant extension of the HHG cutoff. If appropriate parameters are used, an ultra-broad continuum spectrum is obtained. By imposing a band-pass filter with bandwidth of 50 order harmonics on the continuum spectrum, a sub-100 attosecond isolated pulse is generated. If all the phase of the continuum spectrum is properly compensated for, an isolated 9 attosecond pulse with clean profile can be obtained.
